PCX 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




(51) International Patent Classification 
H04B 1/00, H04L 27/00 



Al 



(11) International Publication Number: WO 00/51248 

(43) International Publication Date: 31 August 20CK) (31.08.(X)) 



(21) International Application Number: PCT/USOO/05000 

(22) international Filing Date: 25 February 2000 (25.02.00) 



(30) Priority Data: 
09/258,566 



26 February 1999 (26.02.99) US 



(71) Applicant: REDGATE INDUSTRIES, INC. [US/US); 312 East 
Waynoka Street. Wajmoka. OK 73860 (US). 

(72) Inventors: REDGATE. Robert, E.; 305 Church Street, 

Waynoka, OK 73860 (US). CARSON, Anthony, R.; 300 S. 
Church, Waynoka. OK 73860 (US). COLLINS. Michael, 
T.; 1712 Oak Avenue, Woodward, OK 73801 (US). LAM, 
Kiet, Q.; 1831 13th Street, Woodward, OK 73801 (US). 
KETRON, Dustin, P.; 1703 8th Street, Woodward, OK 
73801 (US). TOLAND, Donald, L.; 1028 Barnes. Alva, 
OK 73717 (US). 

(74) Agents: LABRIE. Michael. J. ct al.; McAfee & Taft A 
Professional Corporation, Tenth Floor, Two Leadership 
Square, 211 North Robinson, Oklahoma City. OK 73102 
(US). 



(81) Designated States: AE. AL, AM, AT, AU, AZ, BA. BB. BG, 
BR, BY, CA, CH. CN. CR. CU, CZ, DE, DK, DM, EE, ES, 
FI, GB, GD. GE. GH, GM, HR, HU, ID. IN, IS, JP. KE. 
KG. KP. KR, K2. LC, LK, LR, LS, LT, LU, LV, MA, MD, 
MG. MK. MN, MW. MX. NO. NZ. PL. PT, RO, RU, SD. 
SE, SG. SI. SK. SL. TJ, TM. TR. TT, TZ. UA. UG, UZ. 
VN. YU. ZA, ZW, ARIPO patent (GH. GM. KE, LS. MW, 
SD. SL, SZ, TZ, UG, ZW), Eurasian patent (AM. AZ, BY. 
KG, KZ, MD, RU. TJ, TM), European patent (AT, BE, CH. 
CY, DE, DK. ES, FI, FR, GB. GR. IE. IT. LU. MC, NL. 
PT, SE). OAPI patent (BF, BJ. CF. CG. CI. CM. GA. GN. 
GW, ML, MR, NE. SN, TD. TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: INFORMATION AND CONTOOL COMMUNICATION OVER POWER LINES 



AC POWER 
SOURCE 



I 



DEVICE 1 


^ 4 




10 








J. 


DEVICE 

m 


2 


PORTABLE 
MEMORY 


^12 



DEVICE N 
(MAX. > 4096) 

IjR] 
^14 



(57) Abstract 

Power line installation wires which carry electricity to energize devices (4, 6) connected to the wires can also be used simultaneously 
to cany other electrical signals that convey information or control between devices (4, 6) connected to the wires. Each device (4, 6) 
to be connected to the power line installation (2) can be uniquely identified as the device's electronic genetics in such a manner that 
practical applications are not limited as to the number of devices connected to, or as to complexity of information or control effected by 
communications over the wires of the power line installation. With its unique identity, any such device (4, 6) can be connected to any 
power line installation to communicate with any other such device (4, 6) connected to that installation (2) so long as the identity information 
and linked operational files are within the system devices (4. 6) connected to the particular installation (2). 
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INFORMATION AND CONTROL COMMUNICATION OVER POWER LINES 
BACKGROLHSfD OF THE INVENTION 

This invention relates generally to power line communication systems and 
5 methods and components for use in, and aspects of, such systems and methods. One such 
aspect includes electronic genetics, the name given to the present invention's concept of 
uniquely identif>ang every device that can be connected to a power line installation both 
for energization and for infonnation and control communication over the wires of the 
installation; with its unique identity, any such device can be connected to any power line 
10 installation to communicate with any other such device connected to that installation so 
long as the identity information is within the system of devices connected to the particular 
installation. 

Tlie wires of a power line installation which carry electricity to energize devices 
connected to the wires can also be used simultaneously to carry other electrical signals that 

1 5 convey information or control between devices connected to the wires. See, for example, 
U.S. Patent No. 4,200,862 to Campbell et al.; U.S. Patent No. 4,628,440 to Thompson; 
U.S. Patent No. 4,638,299 to Campbell; and U.S. Patent No. 5,491,463 to Sargeant et al. 
These patents refer to a power line communication protocol known as "X-10" and an 
extension of that protocol. 

20 Under X-10 protocol as described in the aforementioned patents, a thirleen-bit 

code is transmitted from one device (e.g., a lamp) connected to a particular power line 
installation (e.g., in a home) to another device (e.g., a computer) also connected to the 
same installation. In one disclosed technique, each bit after four predetermined start bits is 
transmitted in true and complement form at the zero crossings of consecutive half cycles 

25 of an alternating current power signal also carried on the wires of the power line 
installation. These bits are transmitted using an alternating current signal having a 
frequency much higher than the frequency of the power signal. Using this technique the 
first device can advise the second device that it is on or off, for example. As another 
example, the first device can send a code to control the second device to turn on or turn 
30 off 

Although the X-10 protocol has advantages, such as in its encoding and 
transmission techniques, a significant shortcoming is its inability to accommodate either 

-1- 
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large numbers of devices connected to a power line installation or sophisticated 
information or control transactions. Even the extended code version described in the 
aforementioned Sargeant et al. patent is limited. Furthermore, devices are identified only 
uMthin the context of the particular system in which they are connected; the devices do not 
5 have unique identities that are universal in scope (i.e., that they are always identified by no 
matter to what particular power line installation they are connected). As a result, these 
previously disclosed power line communication techniques have not been widely adopted 
for use in commercial or industrial installations or where complex information and control 
are needed. 

1 0 SUMMARY OF THE INVENTION 

The present invention overcomes the above-noted and other shortcomings of the 
prior art by providing a novel and improved power line communication system and 
method and related components and processes. In the present invention, each device to be 
connected to an electric power line installation can be uniquely identified (sometimes 

15 referred to herein as the device's electronic genetics) in such a manner that practical 
applications of the invention are not limited as to the number of devices connected to, or 
as to complexity of information or control effected by communications over, the wires of 
the power line installation. 

Regarding the complexity of information or control that can be effected using the 

20 present invention, non-limiting examples include hand-shaking between devices, running 
diagnostics, registering product warranties, mapping the layout of where and what devices 
are connected within the power line installation, self- or automatic identifying such as 
when a new device is connected to the installation, and providing security and total control 
of the electronic environment. Limitations may be imposed based on the complexity one 

25 wants to use in a particular system, and even then it can be expanded if accessible memory 
is available or if other add-on capability is provided for. 

Another advantage of the present invention is its reliability. The present invention 
uses multiple code patterns or segments to uniquely identify a specific device, and such 
multiple segments provide significant reliabihty in that the chances of an out of order 

30 sequence or improper activation are reduced since recognition and response requires 
identity of each bit in the overall group of multiple segments. Furthermore, in a particular 
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implementation, handshaking occurs to verify to one device that another device has 
received the specific required bit patterns and taken a desired action. For example, a 
transmitting device might in effect continue to inquire of a receiving device, "Did you get 
the information?," until the receiver responds, "Yes, I did. WHiat do you want nie to do 

5 next?." This can prevent out of order sequence data packets or keys. 

The present invention provides an improvement for a power line communication 
system having at least two devices connected to a respective one of a plurality of power 
line installations capable of providing electricity to the at least two devices. The 
improvement comprises a transmitter for one of the devices and a receiver for another of 

0 the devices. The transmitter is encoded with a universal identification code uniquely and 
universally identifyong the transminer's respective device regardless of the respective 
power line installation to which the transmitter's respective device is connected. The 
receiver is adapted to receive an electrical signal representing the universal identification 
code and transmitted fi*om the transmitter over the respective power line installation to 

15 which the transmitter's respective device and the receiver's respective device are 
connected, and the receiver includes a library in which to store recognition data 
corresponding to the transmitter's universal identification code. The library can include at 
least a program file responsive to the receiver receiving the electrical signal representing 
the universal identification code. The improvement can fiirther comprise a portable 

20 memory device programmed with the recognition data corresponding to the transmitter's 
universal identification code. The receiver in this case is adapted to receive the 
recognition data fi*om the portable memory device. 

The present invention further provides a method for a power line communication 
system of the type described above. This method comprises transmitting fi*om one of the 

25 devices onto the respective power line installation an electrical signal representing a 
universal identification code uniquely and universally identifying the transmitting device 
regardless of which of the plurality of power line installations is the respective one to 
which the transmitting device is connected. This method fijrther comprises receiving over 
the respective power Hne installation at another of the devices the electrical signal 

30 representing the universal identification code. The method also includes processing at the 
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receiving device the received electrical signal lo deieimine if the represented universal 
identification code corresponds to recognition data stored in the receiving device. 

The present invention further provides a power line communication method 
comprising: communicating a house code and a unit code over a common power line 
5 installation from a first device to a second device, wherein the house code and the unit 
code are in a format of a predetermined power line communication protocol (e.g.. X-10): 
and reinterpreting in the second device the commtmicaied house code and unit code such 
that in response thereto the second device accesses a program file or data file programmed 
in the second device. 

1 0 Another definition of a power line communication method of the present invention 

includes: communicaiijig a universal identification code over a common power line 
installation from a first device to a second device, wherein the universal identification 
code is imique to the first device; subsequently communicating additional codes over the 
common power line installation from the first device to the second device, wherein at least 

15 some of the additional codes are not unique to the first device; and interpreting in the 
second device the additional codes in response to the universal identification code such 
that the additional codes cause the second device to perfoim functions with regard to the 
first device even though the additional codes themselves are not unique to the first device. 
The present invention further provides an electronic genetic transminer that 

20 comprises: an interface circuit programmed to communicate over a power line 
installation, the interface circuit including means for rransinitting electrical signals from 
the ijiterface circuit; and a programmable circuit connected to the interface circuit and 
adapted to receive prograinming to define in the electronic genetic transminer a universal 
identification code unique to a specific device in which the electronic genetic rransmitter 

25 is to be installed. In one implementation the programmable circuit is also adapted to be 
programmed with a location code defining a specific location at which the specific device 
is operational such that the specific device is not operational at another location. 

In another adaptation of the present invention, an electronic genetic transceiver 
comprises the aforementioned elements of the electronic genetic transminer as well as 

30 receiver means for receiving electrical signals into the interface circuit. 
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The present invention further provides a power Hne communication integrated 
circuit device. This device comprises a back end circuit adapted to be programmed with a 
universal identification code for a specific product to which the power line communication 
integrated circuit device is to be connected; and a fi-ont end circuit connected to the back 

5 end circuit and programmed to communicate electric signals out of the integrated circuit 
device, the electric signals encoded to convey information, including the universal 
identification code when programmed in the back end circuit, to another device connected 
to the power line installation when the power line communication integrated circuit is 
connected to the power line installation. In one implementation the fi*ont end circuit 

10 further includes: a memory programmed with a library containing program files 
corresponding to a plurality of universal identification codes; and means for executing a 
respective program file in response to the fi-onl end circuit receiving an electrical signal 
representing the universal identification code corresponding to the respective program file. 
In a particular implementation the back end circuit is also adapted to be programmed with 

15 a location code defining a specific location at which the specific product is operational 
such that the specific product is not operational at another location. 

The present invention further provides an electric device comprising: an 
electrically energizable apparatus that performs the intended function of the electric 
device; a fi-ont end circuit programmed to communicate electric signals, the electric 

20 signals encoded to convey information distinct fi-om a power signal conducted over the 
power line; a back end circuit connected to the fi-ont end circuit and adapted to be 
programmed with a universal identification code for the electric device; and means for 
connecting the apparatus, the fi-ont end circuit and the back end circuit to a power line. In 
a particular implementation the universal identification code identifies make, model and 

25 serial number information of the electric device. 

Another definition of an electric device of the present invention includes an 
electrically energizable apparatus that performs the intended function of the electric 
device; means for connecting the apparatus to an alternating current power line 
installation; means for sensing a condition of the apparatus and for generating a respective 

30 control signal in response to a sensed condition; and means for generating a respective 
alternating current electrical signal in response to the respective control signal, the 
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respective ahemaiing cun-enl electrical signal defining a code lo be propagated over the 
power line installation. In this context the present invention more specifically provides a 
monitoring device for an electric lamp that connects to an alternating cunent power line. 
This monitoring device comprises a current sensing circuit to sense electric current 

5 relative to operation of the electric lamp; a comparison circuit connected to the cuirent 
sensing circuit to compare a sensed current measurement to a predetermined reference 
magnitude; and a microcontroller connected io the comparison circuit and programmed to 
output for transmission over the power line respective codes corresponding to respective 
outputs from the comparison circuit. In a panicular implementation each respective code 

1 0 includes at least one four-bit binary code rransmined in a format of X-l 0 protocol. 

Specifically with regard to an electric lamp system including a ballast, a first 
electric lamp, and a second electric lajnp comiected together and energized over an 
alternating current power line installation, the monitoring device of the present invention 
comprises a cun ent sensing circuit to sense electric current at a power input of the ballast; 

1 5 a first comparator connected to the current sensing circuit to compare the sensed cun-ent to 
a first reference; a second comparator connected to the current sensing circuit to compare 
the sensed current to a second reference; and a microcontroller connected to the first and 
second comparators and programmed to output for transmission over the power line 
respective codes corresponding to respective outputs fi-om the first and second 

20 comparators, wherein the respective codes include a first code output in response to the 
first and second comparators indicating the first and second lamps are conducting 
operating cunent, a second code output in response to the first and second comparators 
indicating one of the first and second lamps is conducting operating cun ent and the other 
of the first and second lamps is not conducting operating cuiTcnt, and a tliird code output 

25 in response to the first and second comparators indicating neither of the first and second 
lamps is conducting operating current. ]n a particular implementation the microcontroller 
is fijrther programmed to output for transmission over the power line a fourth code 
identifying the ballast with which the monitoring device is used. 

The present invention further provides a method of monitoring and reponing a 

30 condition of an electrical device connected to an alternating cuirent power line 
installation. This method comprises sensing alternating current flow related to the 
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condition of the electrical device; transmiUing a first code over the power line installation 
in response to a first condition being sensed; and transmitting a second code over the 
power line installation in response to a second condition being sensed. The method can 
further comprise receiving over the power line installation the transmitted first or second 

5 code and executing in a computer a program file in response to the received code. The 
method also can further comprise transmitting over the power line installation a third code 
identifying the electrical device. 

In a power line communication system comprising at least one transmitter and at 
least one receiver electrically connected to a power line transmitting an alternating current 

10 power line signal of known fi-equency and having zero crossings, the present invention 
still further provides the improvement comprising an identification code including a 
plurality of data signals for transmission and reception by a transmitter and receiver of the 
power line communication system wherein each data signal comprises a plurality of data 
bits transmitted over the power line at a fi-equency greater than the frequency of the power 

1 5 line signal with the data signal's data bits transmitted at respective zero crossings of the 
power line signal, the data bits of each data signal disposed in an X- 10 protocol format 
wherein there is a house code and a unit code but wherein the unit code does not have a 
fifth bit. 

The present invention fiarther provides an article of manufacture comprising: 
20 means for defining in the article a unique identification code; and means for electrically 
propagating fi-om the article a plurality of data signals collectively representing the unique 
identification code, wherein each of the data signals has a plurality of data bits transmitted 
in the form of an X-10 house code and an X-10 unit code except the unit code does not 
include a fifth bit. 

25 The present invention further provides a method of identifying objects connected 

to an alternating current power line installation, comprising electrically propagating, at 
least once from each object, a respective plurality of data signals collectively representing 
a respective unique identification code for each object, wherein each of the data signals 
has a plurality of data bits transmitted in the form of an X-10 house code and an X-10 unit 

30 code except the unit code does not include a fifth bit. In a particular implementation the 
data signals within each plurality of data signals collectively representing a respective 
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unique identificaiion code are trajismitted in a coniinuous sequence and/or within a 
predeiemiined length of lime. 

The present invention also provides a method of rapidly performing complex tasks 
in a computer-operated device, comprising: communicating an actuation signal from a 
5 first microcontroller to a second microcontroller, including transmining from the first 
microcontroller to the second microcontroller a multiple segment digital signal wherein 
each segment includes a predeiemiined house code and unit code; and executing 
substantially simultaneously with the transmitting of the digital signal, a progi'am file 
stored in the second microcontroller in response to the second microcontroller receiving 

10 and recognizing the acfuation signaL wherein the progi'am file contains programming 
instruciions which are substantially longer than the multiple segment digital signal. 

Therefore, from the foregoing, it is a general object of the present invention to 
provide a novel and improved power line communication system ajid method and related 
components and processes. Otlier and further objects, feamres and advantages of the 

15 present invention will be readily apparent to those skilled in the an when the following 
description of the preferred embodiments is read in conjunction with the accompanying 
drawings. 

BRJEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a block diagram for illustrating a power line communication system of 
20 the present invention. 

FIG. 2 is a block diagiam for illustrating contents of a digital library for at leasi 
one t>'pe of device of the power line communication system. 

FIG. 3 illustrates the encoding structure for a prior an power line communication 
protocol referred to as X-10 protocol. 
25 FIG. 4 illustrates the encoding su-ucmre for a particular implementation of power 

line cormnuni cation protocol in accordance with the present invention. 

FIG. 5 is a block diagram for illustrating one type of responsiveness within the 
present invention to codes received in power line communications. 

FIG. 6 is a block diagram for illustrating another t>'pe of responsiveness within the 
30 present invention to codes received in power line communications. 
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FIG. 7 is a block diagram for illustrating one embodiment of device for use within 
the power line communication system of the present invention. 

FIG. 8 is a block diagram for illustrating another embodiment of dexdce for use 
within the power line communication system of the present invention. 

FIG. 9 is a block diagram for illustrating one embodiment of a communication 
interface of the present invention, 

FIG. 10 is a block diagram for illustrating another embodiment of a 
communication interface of the present invention. 

FIG. 11 is a schematic and block diagram of an intelligent ballast control device of 
the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

U.S. Patent No. 4,200,862 to Campbell et al.; U.S. Patent No. 4,628,440 to 
Thompson; U.S. Patent No. 4,638,299 to Campbell; and U.S. Patent No. 5,491,463 to 
Sargeant et al. are incorporated herein by reference. Also incorporated herein by reference 
are U.S. Patent No. 4,418,333 to Schwarzbach et al. and U.S. Patent No. 4,703,306 to 
Barritt. 

Referring to FIG. 1, a power line installation 2 is illustrated. This is just one of 
any number of power line installations with which the present invention can be used. The 
power line installation 2 is shown as including at least two wires connected to an 
alternating current power source, such as provided by a public or private electric mains 
facility (e.g., a public electric utility company) to a residential, commercial or industrial 
location. The alternating current power source might typically be a three-phase system 
providing a 60"hert2 or 50-hert2 electric current at 120 or 240 volts(ac). 

Although the power line installation with which the present invention is typically 
used is an alternating current system, it is contemplated that aspects of the present 
invention can be used in a direct current system as the power signal merely needs to be 
accommodated in the concurrent use of the conductive wire by the communication of the 
present invention. That is, the present invention can merely share the wires with the 
energizing electricity, whether it be direct current or alternating current; however, 
particular implementations and preferred embodiments of the present invention described 
below do function with the alternating current power signal in synchronizing 
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Transmissions with zero crossings of that power signal. The present invention wilL 
therefore, be described in ihe context of aji aliemaiing current power line installation. 

At least TWO devices in accordance with the present invention are connected to the 
power line installation 2 such that energizing electricity is provided to the devices. FIG. 1 
5 illustrates that more than 4,096 devices can be connected if the particular power line 
installation can support the resulting electrical load. Fewer devices can, of course, also be 
used in a system of the present invention. Since the least number of devices is nvo. the 
remainder of the invention will be described with regard to two such devices marked with 
the reference numerals 4 and 6 in FIG. 1 . 

1 0 The devices comecled to the power line installation 2 for use in accordance with 

the present invention can be of any TN^^e that pemiiis of the electrical comanunication 
described below with regard to the present invention. This includes devices that use 
electricity to operate or to be controlled. It is thus contemplated that these include, but are 
not limited to, every type of electric device used in residential, commercial and industrial 

1 5 environments. It is also contemplated that aspects of the present invention can be used 
with other communication systems such as in real-time control systems that require fast 
communication but complex control (e.g., automated prosthetics or other compute]- 
operated device in accordance with the present invention in which one microcontroller 
conuTiunicates rapidly in relatively' short digital control signals with another 

20 microcontroller having a substantially longer, more complex program to perform 
subsiajitially simultaneously with the transmission and reception of one or more of the 
control signals). 

FIG. 1 also illustraies that any of the devices can have a separable portable 
memory 8 that can be removed fi-om its physical association with its respective device and 
25 used by another device (in or out of the particular system) to read or download contents of 
the memory device 8. An example of the memory 8 includes a conventional memor\' 
diskette but prograinmed or containing contents in accordance with the present invention. 
The purpose of the memory device 8 in the present invention is described below. 

In the simplest system of the present invention, the device 4 sends something 
30 unique to the device 6. Tliis "something" can be referred to as a "key." When this key 
"fits" (i.e., is recognized) in the device 6, it "unlocks" files that enable operation of 
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whaiever lype are designed. These operations can be from the ver>' simple \o the ver\' 
complex. For example, if the device 6 is a computer, when the computer receives a "key" 
that it can identify, the computer "unlocks" larger, useful files of information previously 
stored in the computer. Such files can include program code to perform specific 
5 operations (e.g., display graphics; recreate a collection of information or images from 
separate data stored in the computer). Another task can be to move to different levels of a 
hierarchy of tasks or operations as a result of entering a first level of the hierarchy in 
response to the "unlocking." Still further, mathematical analyses can be performed to 
extrapolate and thereby construct functional files or operations. Other functions or 

10 collections of data or information can be accessed through the "unlocking" aspect of the 
present invention. These are just examples and do not limit what can be done in response 
to receiving and recognizing such a key. 

Thus, in view of the foregoing brief explanation, at least one of the devices 
connected to the power line installation 2 has a transminer and at least another of the 

1 5 devices has a receiver so at least one one-way communication can occur. This is 
illustrated in FIG. 1 by the device 4 including a transminer 10 and the device 6 including a 
receiver 12. Preferably, however, every device implemented within the scope of the 
present invention will have both a transminer and a receiver, thereby penrtining rN\'o-way 
transceiver capability as indicated at transceiver (including separate transminer and 

20 receiver configurations) 14 showai in FIG. 1 . 

In a transminer portion of a device of the present invention, the transmitter is 
encoded with a universal identification code umquely and universally identifxang the 
transmitter's respective device regardless of the respective power line installation to which 
the transininer's respective device is connected. Such a transmitter transnuts from its 

25 respective device onto the respective power line installation an electrical signal 
representing the universal identification code uniquely and universally identifying the 
transmitting device regardless of which of the possible power line installations is the 
respective one to which the transmitting device is connected. The terni "electrical signal" 
as used in this coniext does not need to be a continuous transmission but can be defined 

30 with a collection of discrete transmissions. In a panicular implementation as described 
further below, for example, the electrical signal can include a plurality of sequences of 
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ahemaiing current transmissions using a frequency greater than the frequency of the 
alternating current power signal conducted over the respective power line installation. In 
such particular implementation, each sequence of n-ansmissions occurs over a series of 
zero crossings of the power signal. 
5 The receiver portion of a device of the present invention is adapted to receive the 

electrical signal representing the universal identification code transmitted from the 
rransminer of another device over the respective power line installation to which the nvo 
devices aje connected. Wheu such an electrical signal is received, the receiving device 
processes iv to determine if the represented universal identification code corresponds to 

10 recognition data stored in the receiving device. To accomplish this in at least a particular 
implementation of the present invention, the receiver includes a librar\' in which to store 
recognition data corresponding to universal identification codes that might be received. 
Such a "librarx'" is marked in FIG. 2 by the reference numeral 16 and is illustrated as 
including recognition data 18 and contents to which the recognized codes link (marked 

15 with the reference numeral 20). This library is typically contained in the digital memory' 
of the receiver, or more generally the receiving device as a whole: however, the librar>' 
can be defined in a distributed manner as well (either by multiple collections througlioui 
multiple memorx^ devices in the receiver or by multiple collections in or out of the receiver 
itself). 

20 Funher description will next be given with regard to the "uruversal identification 

code," "recognition data 1 8" and "contents to which the codes link 20." 

The universal identification code caji be derived from some intrinsic distinctive 

operating characteristic of the device to which the code is assigned. An example of such 

an intrinsic characteristic can be detennined by monitoring an operating current or voltage 
25 of the device and detennining a unique repeated pattern. If such a lonique repeating 

pattern exists, the device in essence has a natural "electronic genetic code." Such an 

intrinsic characteristic could be defined as that device's "DNA." 

Due to the likely difficulty in establishing such a unique intrinsic characteristic, it 

is presently preferable to assign a unique identity. A non-limiting example of such an 
30 assigned identity is to specify a particular device by its type, make, model and serial 

number (e.g., television, General Electric. 25-inch color. x.,.x). Such an assigned identity 

-12- 

BNSDOCJD: <WO 005l248Al_l_ = 



wo 00/51248 



PCTAJSOO/05000 



becomes at least pan of the useful "elecn onic genetic code" for thai device. Individual 
components of such electronic genetic code may not be unique, but collectively they are. 

In creaiing such an assigned electronic genetic code, there is the need for a 
protocol by which the code can be defined in the first instance and recognized by other 
devices in the sysiem. Such a protocol in essence defines what combinations of "O's" and 
"I's" in a digital domain uniquely identify an object and are recognized as such. Such a 
protocol can be of any t>pe suitable for communication between devices connected to a 
power line installation. For example, the protocol can define a code within a specific 
number of bits wherein the entire collection of bits for any one device is unique. Within 
the overall collection, one or more bits in a gioup can be used to define different 
characteristics or aspects of the device, such as the tj^pe of device, its make, its model and 
its serial number as referred to above. The make, model and serial number information is 
typically assigned by the manufacturer of a device and the type of product can be defined 
in accordance with a selected standard (e.g., the 1997 North American Lidustrial 
Classification System (NAJCS) code or the 1987 Standard Industrial Classification (SIC) 
code). 

As another example, a protocol can allow a variable number of bits to be used but 
having a maximum number defined or requiring that all of the bits must be received 
within some predetennined or selected time period. This can also be made variable if an 
initial definition or a first conununi cation is provided for during which the number of 
following bus or duration to thereafter monitor for is defined. 

It is also noted that encoding schemes other than binar\' digital encoding can be 
used. It is contemplated that analog voltages or variable fi-equency signals or other rxpes 
of encoding can be used within certain aspects of the present invention. The present 
invention will be ftirther described, however, with regard to the presently preferred binar>' 
digital encoding. One such particular implementation is based on devices using a twelve- 
bit algorithmic core. This type of electronic process functions on similarity mapping 
ben\'een transmined and received information and the recognition data or algorithm of the 
receiving device. 

The preferred embodiment of the present invention uniquely defines the universal 
identification code portion of the electronic genetic code, and yet such definition 
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advaniageously uses aspects of a pre-exisiing encoding strucmre. The specific pre- 
existing encoding structure of a panicular implementation of the present invention is 
selected fi-om the group consisting of X-10 protocol and extensions of that protocol. 
Specific reference is made to the first four patents referred to above and incoiporated 
5 herein by reference. Other formats or codings can be used: however, the further 
description of the present invention will be made with regard to the X-10 protocol. WhB\ 
is meant by this use of a pre-existing protocol is that internal groupings of bits are 
sequentially consistent with these other protocols, the specific bit patterns defining 
information within the gioupings are also the same, and the bit transmission technique is 
10 the saine; however, the overall code structure of the present invention and how the present 
invention uses the resulting structure are distinctive. Further explanation will be given 
with regard to FIGS. 3 and 4. 

FIG. 3 illustrates the prior art X-10 code structure described in the aforementioned 
four patents. It includes a four-bit predetermined stan code ("1 110") followed by a four- 
15 bit house code and a five-bit operation code that can be either an address or a command 
code defined by the first four bits with the "address" or "cojrmiand" function being defined 
by the fifth bit as indicated in FIG. 3. Each possible house code is identified by a 
respective letter "A" through "P" and each possible address or command code is identified 
by a respective decimal niunber "1 " tlirough "16" (the actual four-bit binary code need not 
20 be, and is not in a panicular implementation, the ntmierical binary equivalent of the 
corresponding decimal number or alphabetical sequence). 

The structure of the universal identification code of the present invention is 
represented in FIG. 4. The identification code of the present invention comprises multiple 
segments with each segment constructed in a manner similar, but not identical, to the X-1 0 
25 protocol. As illustrated in FIG. 4, the first segment can begin with the same start code 
followed by a four-bit house code which in turn is followed by a truncated four-bit unit 
code (i.e., the first segment of the present code does not include the last bit used in the X- 
1 0 protocol code shown in FIG. 3). Thus, the basic X-1 0 protocol encoding uses thirteen 
bits whereas the present invention's basic code includes several more bits than that but 
30 airanged in segments of nvelve bits in length for each segment. In a panicular 
implementation of the present invention, the four-bit encodings for the house code and the 
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truncated unit code use the same bit panems as used in the "A" ilirough "P" and "1" 
through "16" four-bit bit panems used in the X-10 protocol. However, the present 
invention encompasses other types of specific bit codings as well. Each of the four-bit 
binar>' groupings referred to in FIG. 4 can be referred to as "nibbles" as used in the art for 
5 distinguisliing fiom an eight-bit "b>te" or a sixieen-bit "word." Thus, the universal 
identification code of the present invention, in the described particular implementation, is 
defined by a plurality of code seginems, each code segment having a rhaximum number of 
bits different from the predeienmned communication protocol but including nibbles in the 
same order and having the same possible encoding patterns. 
10 .^jiother use of the predetemiined communication protocol is in the manner in 

which the individual bits are converted into the overall electrical signal transmiued onto 
and over the wires of the power line installation. In the particular implementation, this is 
done using the same bit transmission technique as in the predetermined X-10 protocol. In 
the X-10 protocol, the signal transmission must occur within five hundredths of a second 
15 of the zero crossing for a sixty-hertz power signal. Tliis is achieved by transmitting 
individual bits using a predetemiined high frequency signal such as 120 kilohertz. Thus, 
the electrical communication signal of the present invention includes a plurality of 
sequences of alternating cuirent transmissions having a frequency greater than the 
frequency of the alternating cun ent power signal conducted over the respective power line 
20 installation. In the X-10 protocol fomiai, each sequence of transmissions occurs over a 
series of zero crossings of the power signal. For the fomiat of FJG. 4, each segment is 
transmined in a series of zero crossings encompassing less than rwenty-one zero crossings 
of the power signal. In anotlier format, such as the extended X-10 code fonnat of the 
aforementioned U.S. Patent No. 5,491,463 to Sargeant et al., each series of zero crossings 
25 includes less than fony zero crossings per segment of the code of the present invention. 
Thus, in this particular implementation, each sequence of transmissions (i.e., each twelve- 
bit segment) within the overall code is transmitted within (i.e., not more than) the 
transmission time for one complete code structure of the predetermined communication 
protocol- Thus, in the particular implementation, the present invention provides the 
30 improvement comprising an identification code including a plurality of data signals for 
transmission and reception by a iransminer and receiver of a power line communication 
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sysiem wherein each data signal comprises data bits iransmined over the power line at a 
frequency greater than the frequency of the power line signal with the data signal's data 
bits transmitted at respective zero crossings of the power line signaL and the data bits of 
each data signal are disposed generally in an X-10 protocol fomiat wherein there is a 
5 house code and a unit code but wherein the unit code does not have a fifth bit. Of course, 
the foregoing does not preclude the overall electric signal or an individual data bit being 
represented by the absence of such high frequency (e.g., a logic "0" might be represented 
by the absence of a 120-kilohert2 waveform and a logic "1" might be represented by the 
presence of such a wavefonn in conjunction with a zero crossing of the lower frequency 

10 power signal). 

In addition lo defining the new proiocol as described above, the power line 
communication of the present invention also reimerj^rets in the receiving device the 
communicated house code and unit code, which might alone otherwise resemble a pre- 
existing protocol as described above, such that in response to the communicated house 

1 5 codes and unit codes of all the segments of the universal identification code the receiving 
device accesses a program file or data file progi-airimed in the receiving device. This 
occurs via operation of the recognition data 18 and the contents 20 of the libraries of the 
receiving device such as illustrated in FIG. 2. 

The recognition data 1 8 is the database of all the unique identification codes or 

20 other progiamming by which lo recognize valid codes received in the receiving device. 
This database can be programmed in the receiving device such as when the device is 
manufactured. There is, however, the need to updaie such initial database, and that can be 
provided for by the portable memory 8 that can accompany each individual device. Each 
portable memory device 8 is programmed with the recognition data corresponding to the 

25 respective transmitter's universal identification code. The portable memory 8 can also 
include additional "content material" to be added to the contents 20 of the receiver's 
library' 16. Whax is stored on the portable memory 8 can be dov^loaded to the library 16 
of the receiver. Without limitation, such other contents can include time and date of 
manufacture infonnation, diagnostic applications, etc. Broader aspects of the present 

30 invention, however, include other means for enabling a receiver to recognize valid 
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universal idemificaiion codes (e.g., an updalable masier librarx' accessible by all receivers 
on the system). 

The foregoing enables the present invention to be used in a "plug and play" 
maruier in that receivers already connected to a power line installation can be immediately 
5 updated at the same time a new transmitter device is connected into the system. 

Once a received code is recognized, the receiver accesses the appropriate contents 
20 linked to the recognized code. The contents 20 of the preferred embodiments include 
at least a respecnve progiajn file that responds to the receiver receiving the electrical 
signal representing the respective universal idemificaiion code for a particular device 
10 connected to the power line installation. Such progi'am file defines at least one function 
for the receiving device to perform, which at leasi one function is different from a function 
of previous predetermined power line communication protocols (e.g., the aforemenuoned 
X-10 protocol and extensions thereof) associated with the communicated house code and 
unit code. These program files can be of any suitable t>pe. In general, they contain a 
] 5 collection of instructions that tell the receiving device what to do. They are typically files 
containing programs that can be mn within the receiving device (e.g., .exe or .com or .bat 
files). The contents 20 can also include other files of information which might simply 
update what is being used witliin a then executing progiam from another file. In general, 
the contents are w/hatever the user chooses to define as the responsiveness of the receiving 
20 device to the panicular unjversal identification code. 

The above description has been directed to the trajismission and reception of at 
least the initial unjversal identification code that uniquely identifies a panicular device. 
The foregoing also describes how, upon receiving and recognizing such code, the 
receiving device can perform whatever fianciion it is progi ammed to perform in response 
25 to recognizing the universal identification code. FIGS. 5 and 6 illustrate two panicular 
ways in which this response can occur, and FIG. 5 also shows how additional codes can 
be received and used in one particular implementation. 

Referring to the FIG. 5 implementation, when the unique universal identification 
code is identified for one specific device, the receiving device goes into its contents 20 and 
30 perfonns one or more functions throughout multiple layers of possible responses for 
which the receiving device is programmed. These responses are shown constructed in a 
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hierarchy of layers. In one particular application, the recognition of the unique universal 
identification code enables the receiving device to enter "layer 1" and begin executing a 
particular executable file. This executable file may in rum utilize information fi*om, or run 
additional programs in. additional layers. This inieraciion among layers can be defined to 
5 occur in both directions or across layers as illustrated in FIG. 5. Initial entry might even 
occur at a level other than "layer 1 ." 

Furthennore, FIG. 5 indicates that subsequent codes fi-om the same device can in 
essence be filtered tlirough the recognition of the initial unique universal identification 
code to thereafier perform additional functions from the contents 20 of the library 16 of 

10 the particular receiving device. The subsequent codes fiom the same device may not 
individually be unique, but they are recognized as calling for the perfonnance of particular 
functions via their linkage to the originally recognized universal identification code that is 
unique to the one specific device. Thus, the subsequent codes fi*om the same device can 
be viewed as portions of the overall electronic genetic code of the panicular transmitting 

15 device, wliich ponions need, not be unique except v^'itliin the overall electronic genetic 
code that is unique to the specific device. Thus, the present invention as represented in 
FIG. 5 also includes subsequently cormnunicating additional codes over the pov^er line 
installation from the transmitting device to the receiving device, wherein at least some of 
these additional codes are not necessarily unique to the transmitting device, but wherein 

20 the present invention further includes inteipreiing in the receiving device the additional 
codes in response to the universal identification code such that the additional codes cause 
the receivmg device to perform functions with regard to the specific transmitting device 
even though the additional codes themselves are not unique to the trajismining device. 
Thus, although the additional codes are not necessarily unique, the combination of the 

25 universal identification code and the additional codes defines a unique electronic genetic 
profile for the transmitting device. 

It is noted that the responsiveness of a receiving device can be linked to share 
common files or functions. For example, although each particular code is preferably 
individually identified, the linkage berv^'een recognition 18 and contents 20 can be such 

30 that different recognized codes can link to the same portion of contents 20 if the same 
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result from conients 20 is desired. A panicular example of tliis is illustrated in the next 
paragraph. 

Referring to FIG. 6, another implementation is illusirated. In this implementation, 
the unique universal identification code is first recognized and at least a portion of it 
interpreted as to the t>pe of device. The conients 20 of the library of such a receiving 
device then performs functions which might be universal to all specific devices of the 
panicular v>T3e (e.g., all televisions as illustrated in FIG. 6) as well as in performing the 
specific capabilities within the contents 20 for the specific device identified by the entire 
ujiiversal identification code received for the panicular device. To enable such an 
interiDretaiion lo be made, an individual bit, house code or unit code, or a combination of 
more thaji one of these within the segments of the universal identification code, can be 
assigi:ied to designate the infomiaiion (i,e., the device type in this case). Alternatively, the 
entire universal identification code caji be meaningless in and of itself other than as 
containing a bit pattern unique to the specific device, but the receiver contains in its 
conients 20 the requisite information that is accessed when the respective unique bit 
panem is received. 

Thus, the present invention can be used, for example, to store large files of 
information or programs that are used in response to relatively small "keys" defined by the 
unique universal identification codes and any subsequent codes of the respective 
elecnonic genetic profile. This enables relatively shon and rapid communications to 
occur between devices, while also enabling the receiving device to then perfonn tasks 
fi-om the ver>' simple lo the veiy complex in response to a recognized relatively simple 
conunimi cation. Accordingly, the present invention of the panicular implementation 
described above defines an electronic genetic profile for a first device adapted to be 
connected to an alternating cunent power line. It also includes encoding the first device 
with the defined electronic genetic profile. A second device that is adapted to be 
connected to the alternating current power line is programmed such that the second device 
recognizes at least portions of the electronic genetic profile communicated to the second 
device from the first device over the alternating current power line when the first device 
and the second device are connected to the power line. The second device is also 
programmed with responsive data such that the second device uses at least pan of the 
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responsive data when the first and second devices are connected to the power Hne and at. 
least a recognizable pan of the electronic genetic code of the first device is communicated 
to the second device over the power line. As explained above, the electronic genetic 
profile includes at least a universal identification code unique to the first device, but it can 

5 also include additional codes which need not be unique to the first device. These features 
can be in both devices (or any or all of more devices) to enable two-way information and 
control communication over interconnecting power lines. 

Referring to FIGS. 7 and 8, exa^nples of electric devices for use as devices 4, 6, 
etc., in the present inveniion will be described. In FIG. 1, the electric device includes a 

10 functional apparatus 22 which is electrically energizable and which performs the intended 
function of the electric device. For example, if the device is a lamp, the functional 
apparatus 22 includes at least the socket and switch of the lamp. If the device is a 
computer, the ftmctional apparatus 22 includes the conventional components of the 
computer, 

] 5 The device illustrated in FIG. 7 also includes a communication interface combined 

with a power line interface collectively identified by the reference numeral 24. The 
communication interface portion includes the transmiuer and/or receiver portions 
represented in FIG. 1 . The communication interface is a programmable circuit adapted to 
receive progranin'i]ng to defme in the device, or within the communication interface 

20 portion itself (which is inventive in and of itself such as constituting an electronic genetic 
transnijner or transceiver), a universal identification code umque to the specific device m 
which the panicular communication interface is installed or is to be installed. 

Referring to FIG. 9, a prefeired embodiment of the communication interface that 
can be used in either the FIG. 7 or the FIG. 8 embodiment particularly includes a 

25 microprocessor and memor>'. The memory is programmed such that the microprocessor 
operates in accordance with the present invention. If the communication interface is to 
have the transmit capability of the present invention, the memory is programmed to enable 
the microprocessor to retrieve electronic genetic profile data stored in the memory and to 
transmit electric signals to the power line interface causing the power line interface to 

30 communicate the appropriate electronic genetic profile data over the connected power line 
wires in the transmission format of the present invention. If the communication interface 
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is lo have the receive capabiHw of the present invention, the memory is progiammed lo 
enable the microprocessor to receive electrical signals through the power line interface 
fiom the power line wires. The memory for a receive capability is also programmed with 
the library 16 so thai received signals can be checked for recognition and responsive 
5 action taken when recognition occurs. This preferably defines means for executing a 
respective program file fiom the library in response to the communication interface 
receiving an electrical signal representing the universal identification code corresponding 
to the respective program file. Non-limiting specific transminer and receiver 
programming examples are given below. 
10 The microprocessor and memory of the communication interface can also be 

described as comprising a progi'ammed fi-ont end 26 and a programmable back end 28. 
The programmed fi'ont end 26 is pre-programmed to communicate electrical signals to the 
power line interface ponion of the section 24 in the FIG. 7 embodiment and/or to receive 
signals received through the power line interface, both as stated above. 
]5 The back end 28 is connected to the front end circuit and is adapted lo be 

programmed with the universal identification code for the specific electric device. That is^ 
the programmable back end 28 enables a manufacturer, for example, to program the 
specific communication interface uniquely for the specific electric device. This back end 
28 can be readily implemented merely by the capability of the microprocessor of the 
20 commtani cation interface to receive external inputs and to store such inputs (or selected 
ponions thereof) in the memon'. 

Thus, the proa ammable back end 28 provides means for defining in an article of 
manufacture (e.g., the electric device) a uruque identification code. The prograimned 
front end 26 provides means for electrically propagating from, or receiving into, the article 
25 a plurality of data signals collectively representing the unique identification code. For the 
panicular protocol of the present invention defined above, each of these data signals has a 
plurality of data bits transmined in the form of an X-10 house code and an X-10 unit code 
except the unit code does not include a fifth bit. Furthemiore, the overall plurality of data 
bits defining a unique universal identification code includes a plurality of segments 
30 wherein each segment has such a house code and such a unit code. 
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A non-iinijiing example of the aforemeniioned front end and back end features 
will become apparent with the further explanation below regarding FIG. 1 1 . 

The power line interface ponion of the section 24 in the FIG. 7 embodiment 
provides a circuit to communicate over the power line installation. Such circuit includes 
at least means for transmiriing electrical signals from the circuit onto the power line wires. 
Such a power line interface is a commercially available device. Two particular models are 
TW523 and PL513 from X-10 USA of Closten New Jersey. These devices operate to 
transmit the bits onto the power line installation at zero crossings of the power signal in a 
suitable manner such as consistent with the aforementioned X-10 protocol and extensions 
thereof This also includes the format of the iransnussion which can be in the true and 
complemenlal format and at the frequency described in the peninent patents incorporated 
herein by reference. Such an interface circuit includes both transminer means for 
transmining electrical signals from the circuit onto the power line installation and receiver 
means for receiving electrical signals into the circuit from the power line installation. 

In FIG. 8, the power line interface (PLI) 24a is separate from the communication 
interface 24b contained within the device of tliis illustration. This power line interface can 
be the same as mentioned above but may be installed and retained at a particular electrical 
outlet location. In this use. the power line interface 24a can be programjned to identify the 
specific location of the outlet, for example. Tliis infomiation can be transferred to, for 
example, the communication interface of a specific electric device of the present invention 
connected to the power line interface such that the specific device is then programmed to 
operate onJy at that location. Thus, this is other information that can be loaded into the 
programmable back end 28 (FIG. 9) of the embodiment of the comjnunication interface 
24b shown in FIG. 8. 

Such an electrical outlet as mentioned above is illustrated in F)G. 8 and marked by 
the reference numeral 30. The outlet 30 is located on a wall 32. The PLI unit 24a is 
plugged into the outlet 30 and a conventional cord 34 from the electric device is connected 
into the PLI unit. The cord 34 defines means for connecting the apparatus, the front end 
circuit and the back end circuit to a power line. The cord 34 can be plugged into a 
different outlet of the power installation if desired. A communication line 36 is connected 
from the communication interface 24b to the PL] unit 24a. 
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Referring to FIG. 10, the coinmuni cation imerface can also include sensing means 
such as lo sense one or more conditions. In Ihe prefened embodiment, this is a means for 
sensing a condition of the functional apparatus with which the communication imerface is 
associated and for generating a respective coniro] signal in response to a sensed condition. 
5 The communication interface of FIG, 10 includes what is show in FIG. 9 but labeled 
simply as a "microcontroller." This commumcation interface can be used in the 
embodiments of FIGS. 7 and 8, for example, with the electrically energizable apparatus 
that perfoims the intended function of the electric device and with the means for 
connecting the apparatus to an alternating current power line installation (e.g., the PLI). 
10 The means for sensing includes one or more condition sensors. A specific example is 
illustrated in FIG. 1 1 . 

FIG. 11 illustrates a monitoring device for an electric lamp that connects to an 
alternating current power line. This monitoring device is in accordance with the above- 
described explanation of the present invention. The monitoring device of FIG. 1 1 
15 specifically includes a current sensing circuit 38 to sense electric current relative to 
operation of the electric lamp; a comparison circuit 40 connected to the current sensing 
circuit to compare a sensed current measurement to a predetermined reference magnitude: 
and a microcontroller 42 cora-iected to the current comparison circuit and programmed to 
output for transmission over the power line respective codes corresponding to respective 
20 outputs fiom the current compaj-ison circuit. This is used in conjunction with an electric 
lamp system including a ballast 44, an eleciric lamp 46, and an electric lamp 48 connected 
together and energized over an altemaimg current power line installation such as the 
installation 2 of FIG. 1 . 

The current sensing circuit 38 senses cuirent in the line energizing either or both of 
25 the lamps 46, 48. The circuit 38 includes a current sensing transformer 50 that produces 
current flow proportional to the current dra\^^^ by the lamps 46, 48. This proportional 
current is rectified by a diode 52 and produces a proportional voltage at the junction of a 
resistor 54 and a resistor 56. 

The comparison circuit 40 includes a first comparator connected to the current 
30 sensing circuit 38 to compare the proponional voltage to a reference voltage defined at the 
junction of resistors Rl and R2. This comparator has inputs labeled IN2- and IN2-i- and an 
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output labeled OIJT2. If the voltage at IN2- which is proportional to the current drawm by 
the lamps 46, 48 is less than the reference voltage at IN2-r. OUT2 is a logic high ("T') 
which provides a signal to the microcontroller 42 indicating one of the two lamps is out. 

The comparison circuit 40 also includes a second comparator connected to the 
5 current sensing circuit 38 to compare the proportional voltage to another reference 
voltage, this one defined at the junction of resistors R3 and R4, Iji the illustrated 
embodiment, this second comparator has inputs labeled INI- and INl-^ and an output 
labeled OUTl. If INI- is less than rNl+, OUTl is a logic high ("1") which indicates to 
the microcontroller that both lamps are out. This is so because in the illustrated 

10 implementation the voltage at the R3, R4 junction is less than the reference at the RL R2 
junction, thereby representing a lower ctirrent flow which indicates neither lamp is 
conducting sufficient current to be illuminated. WHien OUT! is high, OUT2 will also still 
be high since the proportional voltage at the inputs is necessarily lower than the Rl, R2 
reference that is greater than the R3, R4 reference. If both OUT! and OTJT2 are logic low 

1 5 ("0"), nomial operation of both lamps is indicated. 

The microcontroller 42 is powered by a conventional dc power supply 58 which 
converts the alternating current from the power line installation 2 to suitable direct cun ent 
voltage levels for the microcontroller 42. The illustrated microcontroller 42 is 
implemented in a conventional chip, such as the one referenced in FIG. 11, bui 

20 programmed to perform in accordance with the present invention. Programming can 
occur, for e>:ample, using a persona] computer connected to the microcontroller 42 
tluough connector 59 shov^n m FIG. 11. The particular cliip sho\^Tl in FJG. 11 
implementing the microcontroller 42 is connected to the power line interface through a 
connector 60 and is constructed with a rv^'elve-bit algorithjn core architecture. The 

25 microcontroller 42 communicates segments of logic zeros and ones in a binar>' sequence 
which allows the power line interface to transmit codes using at least part of the X-10 
protocol as explained above. 

In response to receiving either one of the signals from OUT2 or OUTl indicating 
one or both lights is out, the microcontroller outputs a code througji the PI pin (as labeled 

30 in FIG. 1 1) at the appropriate times. This timing occurs when the power Hne interface 
delects a zero crossing of the power signal and notifies the microcontroller 42 through the 
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pin PO in FIG. 1 1 . PO input correlaies lo "zpin" and PI output correlates to "mpin" in the 

program listed below for the microcontroller 42. 

The implementation of FIG. 1 1 is also constructed to receive data. Reception of 

data from the PL] to which the plug 60 connects occurs through pin P2 of the 
5 microcontroller 42 shov^m in FIG, 1 1 . 

The PLl plug 60 shown in FIG. 1 1 plugs into an external power line interface such 

as PLl 24a illusn-ated in FIG. 8. The plug 60 and its connecting wires are one 

implemeniation of the communication line 36 of FIG. 8. 

FIG- 11 also shows a wire going to a pin Pll of the microcontroller 42. This 
10 cormeciion is noi used in the actual implementation of FIG. 11; however, the connection is 

shown to indicate that this pin can receive a control voltage that can be used to instruct the 

microcontroller. For example, in the intelligent ballast circuit of FIG. 1 1 , this line might 

be held low, for example, to indicate norma] operation of the lamps or a high voltage 

might be applied to indicate that one of the lamps is intentionally tunied off so that the 
15 microcontroller does not misread OUT2 of the first comparator as indicating a lamp is 

malfunctioning. 

In accordance with the foregoing, the microcontroller 42 is connected to the two 
compai aiors of the comparison circuit 40 and progi'ammed to output for transmission over 
the power line respective codes corresponding to respective outputs from the two 

20 comparaiors. A first code is output in response to the comparators indicating both lamps 
are conducting operating current (i.e., both OUT2 (P9 of the microcontroller chip) and 
OUTl (PIG of the microcontroller) are low m the FIG. 1 1 implementation). A second 
code is output in response to the comparators indicating one of the two lamps is 
conducting operating current and the other of the two lamps is not conducting operating 

25 current (i.e., OUT2/P9 is high and OUTI/PIO is low). A third code is output in response 
to the comparaiors indicating neither of the rwo lamps is conducting operating current 
(i.e., both OUT2/P9 and OUTl /PI 0 are liigli). The microcontroller is also programmed to 
output for transmission over the power line a fourth code identifying the ballast with 
wliich the monitoring device is used. This fourth code is the unique universal 

30 identification code referred to above. 
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Thus, the circuit of FIG. 1 1 senses alternating current flow related to the condition 
of the electric device implemented in the particular example by the ballast and wo lamps. 
Respective codes are transmitted over the power line installation tlirough operation of the 
microcontroller and the power line interface to which it is conjiected. which power line 
5 interface is in turn connected to the power line installation such as illustrated in FIGS. 1 
and 8. Such power line installation also includes another device, such as a computer, 
which receives the code and in response executes in the computer one or more progiam 
files. 

The following is a program listing showing a specific implementation of 
1 0 programming for the microcontroller 42 of FIG. 1 1 : 



15 



20 



mpin 


con 


0 


'identifies zero crossing modulation 


zpin 


con 


1 


'tells the zero detect to fire 


houseL 


con 


11 


constant binary eleven code 


houseA 




con 0 


'not needed 


imitl 


con 


0 


'identifies constant zero code 


unit2 


con 


] 


'identifies constant one code 


ujiitS 


con 


2 


'identifies constant two code 


unit4 


con 




'identifies constant tluee code 


units 


con 


4 


'identifies constant four code 


Stan: 









if inl 1 = 0 then idem event macro condition 
if inl 1 = 1 then ident event macro condition 



loop: 



if inl 1 = 1 then ident 'event macro condition 

25 if in9 = 1 and inl 0 == 0 then ilamp 'event macro condition 
if inl 0 = 1 and in9 = 1 then both 

goto loop 'tells the condition to stay in loop 

ident: 

debug "Magnetek Balast B232I120RH** xr 'serout to computer/rerum 

30 debug "Runnmg diagnostics" xr serout to computer/return 

debug "Please Wait a moment" xr serout to computer/return 
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pause 5000 

xom mpin,2pin;fhouseL\unil3] 
xout mpin,zpin,[houseL\unit3] 
xout mpin.zpin^fhouseLXunitS] 

5 Code 

xout mpin^zpin.fhouseLXunitS] 
xout mpin,zpin,[houseL\unit3] 
pause 5000 
debug els 
1 0 goto hinew 

ilamp: 

xout mpin,2pin,[houseL\unitl] 
xout mpin,zpin,[houseL\unit2] 
xout mpin,zpin,[houseL\unit2] 

] 5 xout mpm.zpin,[houseL\unitl ] 

xout mpin,zpin,[houseL\unitl ] 
debug "One lamp is Out!'* ,cr 
pause 5000 
debug els 

20 goto htnew 

both: 

xout mpin.zpin,[houseL\unit2] 
xout mpin,zpin,[houseL\unit2] 
xout mpin,zpinJhouseL\unitl] 

25 xout mpin,zpin,[houseL\unitl ] 

xout mpin,zpin,fhouseL\unitl] 
debug "All lamps are out" .cr 
debug "Please check them!" xr 
pause 5000 

30 debug els 

goto htnew 



combination electronic genetic 



'Wait five seconds 
'clear screen 

^read last condition before 
retuming to loop 

combination electronic genetic code 



wait five seconds 
'clear screen 

read last condition before 
I'eiuming to loop 

combination electronic genetic code 

"serout condition statement 
' and return to next line 
M'ait five seconds 
'clear screen 

read last condition before 
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htnew: 



OK: 



Veruming to loop 
'hold signal 1.5 seconds 
if true then go to OK 
'if false go to loop 



'Combination electronic seneiic code 



"wait five seconds 



combination electronic genetic code 



pause 1500 

if inlO = 0 and in9 = 0 then OK 
goto loop 

xout mpin.2pin,[houseL\unit4] 
xout mpin.zpin,[houseL\urut4] 
xoul mpin5Zpin,[houseL\unit4] 
>:oui mpin,zpin.fhouseL\unit4] 
] 0 xoui mpin,zpin,[houseL\unit4] 

pause 5000 

xout mpin,zpin,[houseL\unit2] 
xout mpin,zpin,[houseL\unitl ] 
xout mpin,2pin,[houseL\unitl ] 
15 xout mpin,2pin,[houseL\unitl ] 

xout mpin,zpin,[houseL\unit2] 

debug "Passed All Test xr ' serout statement 

pause 5000 'wait five seconds 

debug els ' Clear screen 

20 goto loop ' go to loop 

"End! 

Because the input to PI 1 of the microcontroller 42 is not used in the example of 
FIG. 1 J as mentioned above, the "transminer" program listed above starts by running in 
the microcontroller 42 subroutine "ident" regardless of the state of Pll C'inll" in the 

25 program code). In "ident" the microcontroller 42 outputs a five-segment universal 
identification code having the house/unit combinations L3. L3, L3, L3. L3. Running 
"ident" (or analogous routine, program^ etc.) and outputting the respective universal 
identification code is preferably performed at least once for each device, such as when it is 
connected to the power line installation, so that one or more other devices on the system 

30 become aware of the new device's presence. 
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This bit sequence (and others described below) is output bii-by-bit ilirough PI of 
microconiroller 42, in SNoichronization with the zero-deieci signal received iluough PO, m 
the overall format illustrated in FIG. 4 but as acmally put onto the power line installation 2 
througli operation of the PLl 24a (for a FIG. 8 t^/pe configuration, for example). 

At the end of "idenl" the microcontroller 42 runs subroutine '^htnew." Under 
•^hmew" the microcontroller checks its pins P9 and PIO ("in9" and "inlO" in the program 
code) and if both are logic lov^' it goes lo "OK." If that is not the case (i.e., "in9" and 
"inlO" are not both low), then "loop" is run. 

In "OK" the microcontroller transmits nvo separate codes in this implementation. 
One is the five-segment code having house-unit combinations L4, L4, L4, L4, L4. The 
other transmined code has the five-segment house-unit combinations L2, LL LI, LI, L2, 
The former is used to indicate that all diagnostics have been run, and the laner is used to 
indicate all tests have been passed (in tliis case, both lamps are workuig properly). After 
these codes are sent, the microcontroller goes to "loop." 

In "loop" the microcontroller continues to monitor the status of its pins P9 and PIO 
until one of the two events designated above in "loop" occurs. If P9 (in9) goes high and 
PIO (inlO) stays low, the microcontroller goes to "ilamp." If both P9 and PIO go high, the 
microcontroller goes to "both." In "ilamp" the microcontroller sends the five-segment 
code having house-unit combinations LL L2, L2, LI, LL In "both" the microcontroller 
transmits the five-segment code having house-ujiit combinations L2, L2, LL LI, LL At 
the end of "ilamp" and "both" the microcontroller goes to "htnew." 

The following is a program listing for a computer (implementing a receiving 
device connected to the power line installation 2 m this example) that responds to 
transmissions resulting from the circuit of FIG. 1 1 programmed in accordance with the 
above progiam: 
OOL 

002. Event: Identification diagnostics 

003. If: 

004. (X:seq) L3,L3,L3,L3,L3, rec in 3 sec 'diagnostic combination code 

005. Then: 
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006. ACSD oul com l:&&C:\Bal]ast\Filel.exe graphic file to diagnostics 
condition 

007. Event: One lamp Out! 

008. If: 

5 009. (X:seq) LI X2X2X1 ,L1 , rec in 3 sec one lamp out combination code 

010. Then: 

011. ASCII out com l:&&C:\BallastVFile2.exe 'graphic file to one lamp out 
condition 

012. 

10 013. Event: Both Lamps Out! 

014. If: 

01 5. (X:seq) L2,L2,L1 ,L1 =L1 = rec in 3 sec 'two lamp out combination code 

016. Then: 

017. ASCII out com l:&&C:\Ballast\File3.exe "graphic file to two lamp out 
1 5 condition 

018. 

01 9. Event: Diagnostics complete 

020. If: 

02 1 . (X:seq) L4,L4,L4,L4;L4, rec in 3 sec 'diagnostic complete code 
20 022. Then: 

023. ASCn out com 1 :&&C:\Bal]ast\File4.exe graphic file to diagnostic condhion 

024. 

025. Event: Normal Operation Condition 

026. If: 

25 027. (X:seq) L2X1,LLLLL2, rec in 3 sec 'Nomial operation code 

028. Then: 

029. ASCII out com l:&&.C:\Ballast\File5.exe 'Graphic file to normal operation 
condition 

030. 

30 031. END! 
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A non-limiiing exajnple of a suitable compuier for impleinentmg and running this 
program includes an IBM-compaiibie 386 or above. The computer having the listed 
program is thereby programmed both with the requisite recognition data and the convents 
to use in response. The recognition data includes the listed five-segnient codes that can be 
rransmined by the transmitter device of FIG. 1 1 : L3, L3. L3, L3, L3: LI , U2, Ul, LI , LI ; 
L2, L2, LL LI, LI; Lt, L4, L4, L4, L4; and 12, LL LL LI, L2. The corresponding 
"conients" are the actions to be taken when one of these codes is recognized (see program 
lines 006, 01 K 017, 023, and 029). Each of these in this case includes sending an ASCD 
command through the computer's communication port and running a respective executable 
file (e.g.. C:\Ballast\Filel .exe). Here the file is a graphical user interface file that pertains 
to the respective action of the transmitting device (e.g., the diagnostics condition). 
Accordingly, the computer recognizes L3, L3, L3, L3, L3 as the unique universal 
identification code for the device of FIG. 11 . It recognizes LI , L2, L2, LI , LI as the code 
designating one lamp is out and L2, L2, LI , LI , LI as the code designating both lamps are 
out. The computer recognizes L4, L4, L4, L4, L4 as designating the internal diagnostics 
of the device of FIG. 11 have been run and L2, LI, LI, LI, L2 as designating the 
diagnostics have been successfully passed whereby the device is operating normally. 

The foregoing simple example has shown one-way communication fi-om a 
n-ansmining device (FIG. 1 1) to a receiving device (a compuier); however, each of these 
can be provided with the other capability as well to enable rwo-way communication. Such 
implementations, and others of the present invention, are apparent from the foregoing 
explanation of the present invention. 

Thus, the present invention is well adapted to carry out the objects and attain the 
ends and advantages mentioned above as well as those inJierent therein. While preferred 
embodiments of the invention have been described for the purpose of this disclosure, 
changes in the construction and arrangement of parts and the performance of steps can be 
made by those skilled in the an, which changes are encompassed within the spirit of this 
invention as defined by the appended claims. 
VsHiat is claimed is: 
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1. In a power line- communicaiioii system having at least xwo devices 
connected to a respective one of a plurality of power line installations capable of providing 
electricity to the at least tAvo devices, the improvement comprising: 

a n-ansminer for one of the devices, the transminer encoded with a 
universal identification code uniquely and universally identifying the 
transmitters respective device regardless of the respective power line 
installation to which the transmitters respective device is connected; 
and 

a receiver for another of the devices, the receiver adapted lo receive an 
electrical signal representing the universal identification code and 
transmined from the transminer over the respective power line 
installation to wliich the iransminer's respective device and the 
receiver's respective device are connected, and the receiver including 
a library in which to store recognition data corresponding to the 
transmitter's xmiversal identification code. 

2. The improvement as defined in claim 1. wherein the universal 
identification code is defined within a pre-existing encoding structure. 

3. The improvement as defined in claim 2, wherein the pre-existing encoding 
structure is selected fiom the group consisting of X-1 0 protocol and extensions thereof 

4. The improvement as defined in claim L wherein the universal 
identification code is defined by a plurality of code seginents, each code segment having a 
maximum number of bits selected from a predeiennined communication protocol and 
further wherein the bits of tbe universal identification code are converted into the electrical 
signal in the same bit transmission fonnat as in the predetermined coinmuni cation 
protocol. 

5. The improvement as defined in claim 4, wherein the predetermined 
communication protocol is selected fi-om the group consisting of X-10 protocol and 
extensions thereof. 

6. The improvement as defined in claim L wherein the universal 
identification code identifies the make, model and serial number of the nansminer's 
respective device. 
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7. The improvement as defined in claim L wherein the library' includes ai 
least a progiam file responsive to the receiver receivijig the electrical signal representing 
the universal identification code. 

8. The improvement as defined in claim L fiirther comprising a portable 
5 memor>' device progiainmed with the recognition data corresponding to the transmitter's 

universal identification code, the receiver adapted to receive the recognition data fi*om the 
portable memory device. 

9. The improvement as defined in claim 8. wherein the receiver is adapted to 
download the recognition data from the portable memorx' device to the library of the 

1 0 receiver. 

10. In a power line communication system havmg at least tavo devices connected to a 
respective one of a plurality of power line installations capable of providing electricity to 
the at least wvo devices, the method comprising: 

transmitting fi-om one of the devices onto the respective power line installation an 
15 electrical signal representing a universal identification code uniquely and 

universally identifying the transmining device regardless of which of the 
plurality of power line installations is the respective one to which the 
transmitting device is connected; 
receiving over ilie respective power line installation at another of the devices the 
20 electrical signal representing the universal identification code; and 

processing at the another of the devices the received electrical signal to determine 
if the represented universal identification code corresponds to recognition 
data stored in the another of the devices. 

1 1. The method as defined in claim 10, fiirther comprising adding fiirther recognition 
25 data to the another of the devices fi-om a portable memory device accompanying the 

transmitting device when the transmitting device is connected to the respective power line 
installation. 

12. The method as defined in claim 10, wherein the electrical signal includes a 
plurality of sequences of alternating current transmissions having a fi-equency greater than 

30 a fi-equency of an alternating current power signal conducted over the respective power 
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line installaiion, each sequence of transmissions occurring over a series of zero crossings 
of the power signal. 

13. The method as defined in claim 12; wherein each series of zero crossings includes 
less than fony zero crossings. 
5 14. The method as defined in claim 12, wherein each series of zero crossings includes 

less than rv^'enty-one zero crossings. 

15. The method as defined in claim 12. wherein each sequence of transmissions is 
transmitled within the transmission lime of a predetermined power line communication 
protocol. 

10 16. The method as defined in claim 15, wherein the predeiemiined power line 

communication protocol is selected fiom the group consisting of X-10 protocol and 
extensions thereof 

1 7. A power line communication method, comprising: 

communicating a house code and a unit code over a common power line 
15 installation fi-om a first device to a second device, wherein the house code 

and the imit code are in a format of a predetermined power line 
communication protocol; and 
reinterpreting in the second device the communicated house code and unit code 
such that in response thereto the second device accesses a program file or 
20 data file programmed in the second device. 

18. The method as defined in claim 17, wherein the predetennined power line 
communication protocol is selected from the group consisting of X-10 protocol and 
extensions thereof 

19. The method as defined in claim 17. wherein the program file defines at least one 
25 fianction for the second device to perfomi, which at least one function is different fi^om a 

function of the predetermined power line communication protocol associated with the 
commtmicaled house code and unit code. 

20. A power line communication method, comprising: 

communicating a universal identification code over a common power line 
30 installation fi-om a first device to a second device, wherein the universal 

identification code is unique to the first device: 
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subsequently communicaiing addiiional codes over the conmion power line 
insiallaiion from the first device to the second device, wherein at least some 
of the additional codes are not unique to the first device: and 
inier|3reting in the second device the additional codes in response to the universal 
5 identification code such that the additional codes cause the second device to 

perform functions with regard to the first device even though the additional 
codes themselves are not unique to the first device. 
21 . The method as defined in claim 20, wherein the universal identification code and 
the addiiional codes define a unique eleciTonic genetic profile for the first device. 
10 22. A power line comjnunicaiion method, comprising: 

defining an electronic genetic profile for a first device adapted to be connected to 

an alternating current power line; 
encoding the first device with the defined electionic genetic profile; 
programming a second device, adapted to be connected to the alternating current 
15 power line, such that the second device recognizes at least portions of the 

electronic genetic profile communicated to the second device from the first 
device over the alternating current power Hne when the first device and the 
second device are connected to the alternating cun ent power line; and 
prog] amj-ning the second device with a librai-y of files such that the second device 
20 uses at least part of the library when the first and second devices are 

connected to the ahemaiing cunent power line and at least a recognizable 
part of the electronic genetic code of the first device is communicated to the 
second device over liie altemating current power line. 

23. The method as defined in claim 22, wherein tlie electronic genetic profile includes 
25 a universal identification code unique to the first device and additional codes not unique to 

the first device. 

24. An electronic genetic transminer, comprising: 

an interface circuit programmed to communicate over a power line installation, the 
interface circuit including means for transmitting electrical signals from the 
30 interface circuit: and 
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a programmable circuit connecied vo the interface circuit and adapted to receive 
programming to define in the electronic genetic transminer a universal 
identificaiion code unique lo a specific device in v^'hich the electronic genetic 
transminer is to be installed. 
5 25. The electronic genetic transminer as defined in claim 24, wherein the universal 

identification code includes a format adapted to be transmitted by the interface circuit in 
the manner of a pre-existing protocol selected fi-om the group consisting of X-30 protocol 
and extensions thereof 

26. The electronic genetic transminer as defined in claim 24, wherein the 
10 progianimable circuit is also adapted lo be programmed with a location code defining a 
specific location at which the specific device is operational such that the specific device is 
not operational at another location. 

21, An electronic genetic transceiver, comprising: 

an interface circuit programmed to communicate over a power line installation, the 
1 5 interface circuit including: 

transminer means for transmitting electrical signals fi-om the interface 
circuit; and 

receiver means for receiving electrical signals into the interface circuit: and 
a programmable circuit connected to the interface circuit and adapted to receive 
20 progranmiing to define in the electronic genetic transceiver a universal 

identification code unique to a specific device in which the electronic genetic 
transceiver is to be installed. 
28. The electronic genetic transceiver as defined in claim 27, wherein the 
programmable circuit includes: 
25 a memory programmed with a library containing program files corresponding to a 

plurality of universal identification codes; aiid 
means for executing a respective program file in response to the receiver means 
receiving an electrical signal representing the universal identification code 
corresponding to the respective program file. 
30 29. The electronic genetic transceiver as defined in claim 27, wherein the universal 
identification code includes a format adapted to be transmitted by the transminer means in 
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the manner of a pre-exisiing proiocol selected from the group consisting of X- 10 protocol 
and extensions thereof. 

30. The electronic genetic transceiver as defined in claim 27, wherein the 
programmable circuit is also adapted to be programmed with a location code defining a 
specific location at which the specific device is operational such that the specific device is 
not operational at another location. 

31. A power line communication integrated circuit device, comprising: 

a back end circuit adapted to be programmed with a universal identification code 
for a specific product to which the power line communication integrated 
circuit device is to be connected; and 

a front end circuit connected to the back end circuit and programmed to 
communicate electric signals out of the iniegi-ated circuit device, the electric 
signals encoded to convey information, including the universal identification 
code when programmed in the back end circuit, to anotlier device connected 
to the power line installation when the power line communication integrated 
circuit is corrected lo the power line installation. 

32. The power line communication integrated circuit device as defined in claim 31, 
wherein the front end circuit further includes: 

a memory programmed with a library containing program files corresponding to a 

plurality of ujiiversal identification codes; and 
means for executing a respective program file in response to the front end circuit 

receiving an electrical signal representing the universal identification code 

corresponding to the respective program file. 

33. The power line communication integrated circuit device as defined in claim 31, 
wherein the universal identification code includes a foimat adapted to be transmitted by 
the front end circuit in tlie manner of a pre-existing protocol selected from the group 
consisting of X- 10 proiocol and extensions thereof. 

34. The power line communication integrated circuit as defined in claim 31, wherein 
the back end circuit is also adapted to be programmed with a location code defining a 
specific location at which the specific product is operational such that the specific product 
is not operational at another location. 
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35. An el ectri c d e vi ce. compri sing : 

an electrically energizable apparatus thai performs the intended function of the 
electric device; 

a front end circuit programmed to communicate electric signals, the electric 
5 signals encoded to convey information distinct from a power signal 

conducted over a power line: 
a back end circuit connected to the from end circuit and adapted to be programmed 

with a universal identification code for the electric device: and 
means for connecting the apparatus, the front end circuit and the back end circuit 
10 to the power line. 

36. The electric device as defined in clami 35, wherein the universal identification 
code identifies make, model and serial number information of the electric device. 

37. The electric device as defined in claim 35, wherein the front end circuit iurther 
includes: 

15 a memory programmed with a library containing program files corresponding to a 

plurality of universal identification codes; and 
means for executing a respective program file in response to the front end circuit 
receiving an electrical signal representing the universal identification code 
coiresponding to the respective program file. 
20 38. The electric device as defined in claim 35, wherein the universal identification 

code includes a foiTnat adapted to be transmined by the front end circuit in tlie manner of a 
pre-existing protocol selected from the group consisting of X- 10 protocol and extensions 
thereof. 

39. The electric device as defined in claim 38. wherein the universal identification 
25 code identifies make, model and serial number information of the electric device. 

40. The electric device as defined in claim 35, wherein the back end circuit is also 
adapted to be progiammed with a location code defining a specific location at which the 
electric device is operational such that the electric device is not operational at another 
location. 

30 41 . An electric device, comprising: 
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an electrically energizable apparaius thai perfomis the intended function of the 
electric device; 

means for correcting the apparatus lo an alternating current power line 
installaiion; 

5 means for sensing a condition of the apparattjs and for generating a respective 

control signal in response to a sensed condition: and 
means for generating a respective aliemaiing cunent electrical signal in response 
to the respective control signal the respective alternating current electrical 
signal defining a code to be propagated over the power line installation. 
1 0 42. The electric device as defined in claim 41 , wherein the code includes a plurality of 

four-bit binary nibbles^ each nibble defined m accordance with the house or unit encoding 
of X- 10 protocol. 

43. A monitoring device for an electric lamp that connects to an alternating current 
power line, comprising: 

15 a current sensing circuit to sense electric current relative to operation of the 

electric lamp: 

a comparison circuit connected to the current sensing circuit to compare a sensed 

cun ent measurement to a predetennined reference magnitude: and 
a microcontroller connected to the comparison circuit and programmed to output 
20 for transmission over the power line respective codes corresponding to 

respective outputs fi-om the comparison circuit. 

44. The monitoring device as defined in claim 43, wherein each respective code 
includes at least one four-bit binary code transmined m a fomiat of X-1 0 protocol. 

45. A monitoring device for an electric lamp system including a ballast, a first electric 
25 lamp, and a second electric lamp connected together and energized over an alternating 

current power line installation, the monitoring device comprising: 

a current sensing circuit to sense electiic cun ent at a power input of the ballast; 
a first comparator cormected to the current sensing circuit to compare the sensed 
current to a first reference; 
30 a second comparator connected to the current sensing circuit to compare the 

sensed current to a second reference: and 



-39- 



BNSDOCID: <WO 005l248Al_L> 



wo 00/51248 PCTAJSOO/05000 

a microcontroller connecied lo the first and second comparators and programmed 
to output for transmission over the power line respective codes 
corresponding to respeciive outputs from the first and second comparators, 
v^'herein the respeciive codes include a first code output in response to the 
5 first and second comparators indicating the first and second lamps are 

conducting operating current, a second code output in response to the first 
and second comparators indicating one of the first and second lamps is 
conducting operating current and the other of the first and second lamps is 
not conducting operating current, and a third code output in response to the 
10 first and second comparators indicating neither of the first and second lamps 

is conducting operating cuneni. 
46. The monitoring device as defined in claim 45, wherein the microcontroller is 
embodied in an integrated circuit constructed with a twelve-bit algorithm core 
architecture. 

15 47. The monitoring device as defined in claim 45, wherein the microcontroller is 

further progjammed to output for transmission over the power line a fourth code 
identif>ang the ballast with which the monitoring device is used. 

48. The monitoring device as defined in claim 47, wherein the microcontroller is 
embodied in an integrated circuit constructed to transmit the four codes using at least part 

20 of X- 10 protocol. 

49. A method of monitoring and reporting a condition of an electrical device 
connected to an altematijig current power line installation, comprising: 

sensing alternating current flow related to the condition of the electrical device; 
transiTiitting a first code over the power line installation m response to a first 
25 condition being sensed; and 

transiTiitting a second code over the power line installation in response to a second 
condition being sensed. 

50. The method as defined in claim 49, further comprising receiving over the power 
line installation the transmitted first or second code and executing in a computer a 

30 program file in response to the received code. 
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5 1 . The method as defined in claim A9, fmiher comprising iransmining over ihe power 
line installaiion a third code identif>dng the electrical device. 

52. The method as defined in claim A9, wherein each of the codes, includes a 
respective combination of four-bit nibbles wherein each nibble is encoded in accordance 

5 with X- 10 protocol. 

53. The method as defined in claim 52, further comprising receiving over the power 
line installation the transmitted first or second code and executing in a computer a 
program file in response to the received code. 

54. The method as defined in claim 53, further comprising transmitting over the power 
] 0 line installation a third code identifying the electrical device. 

55. Li a power line communication system comprising at least one transminer and ai 
least one receiver electrically connected to a power line transmining an alternating current 
power line signal of known fi-equency and having zero crossings, the moprovement 
comprising an identification code including a plurahty of data signals for transmission and 

15 reception by a transmitter and receiver of the power line communication system wherein 
each data signal comprises a plurality of data bits transmitted over the power line at a 
fi-equency greater than the fi-equency of the power line signal with the data signal's data 
bits transmitted at respective zero crossings of the power line signal, the data bits of each 
data signal disposed in an X-10 protocol format wherein there is a house code and a unit 

20 code but wherein the unit code does not have a fifi:h bit. 

56. An article of manufacture comprising: 

means for defining in the article a umque identification code; and 
means for electrically propagating from the article a plurality of data signals 
collectively representing the unique identification code, wherein each of the 
25 data signals has a plurality' of data bits transmitted in the form of an X-10 

house code and an X-10 unit code except the lanit code does not include a 
fifth bit. 

57. A method of identifying objects connected to an alternating ctment power line 
installation, comprising electrically propagating, at least once fi-om each object, a 

30 respective plurality of data signals collectively representing a respective unique 
identification code for each object, wherein each of the data signals has a plurality of data 
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bils iransmirted in the form of an X- 10 house code and an X-10 unit code except the unii 
code does not include a fifth bit. 

58. The method as defined Ln claim 57, wherein the data signals within each plurality 
of data signals collectively representing a respective unique identification code are 

5 transmined in a continuous sequence. 

59. The method as defined in claim 57, wherein the data signals within each plurality 
of data signals collectively representing a respective unique identification code are 
transmitted within a predetermined length of time. 

60. The method as defined in claim 57, wherein the data signals within each plurality 
10 of data signals collectively representing a respective unique identification code are 

transmitted in a contijiuous sequence within a predeiennined length of time. 

61. A method of rapidly performing complex tasks in a computer-operated device, 
comprising: 

commum'cating an actuation signal from a first microcontroller to a second 
15 microcontroller, including transmining fi-om the first microcontroller to the 

second microcontroller a multiple segment digital signal wherein each 
segment includes a predetermined house code and unit code; and 
executing substantially simultaneously with the trajismitiing of the digital signal, a 
program file stored in the second microcontroller in response to the second 
20 microcontroller receiving and recognizing the actuation signal, wherein the 

program file contains programming instructions which are substantially 
longer than the multiple segment digital signal. 
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